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A B S T R A C T
We investigated the efﬁcacy of a tablet-computer-based Picture Exchange Communication
System (PECS) application for use with three preschoolers with ASD and investigated
participant preference for the app versus traditional PECS (i.e., with a physical
communication book) once the participants demonstrated minimal levels of mastery of
both. We implemented a single-case multiple baseline design to determine the efﬁcacy of
the app. Results indicated that participants rapidly demonstrated above-chance level
mastery of the app. Following mastery, two participants demonstrated a preference for the
app, while the other preferred the traditional PECS communication book.
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particularly for those who cannot use conventional means of communicating (i.e., speech).
Augmentative and alternative communication (AAC) systems have been implemented to compensate for deﬁcits in
functional communication and language skills in individuals with complex communication needs (Ganz, Davis, Lund,
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communication systems such as the Picture Exchange Communication System (PECS; Frost & Bondy, 2002) and speech
generating devices (SGD; American Speech-Language-Hearing Association [ASHA], 1997).
AAC systems have been shown to be effective in improving various skill areas of individuals with autism, particularly
communication skills (Charlop-Christy, Carpenter, Le, LeBlanc, & Kellet, 2002; Johnston, Nelson, Evans, & Palazolo, 2003),
social skills (Kravits, Kamps, Kemmerer, & Potucek, 2002; Nunes & Hanline, 2007), challenging behaviors (Ganz, Parker, &
Benson, 2009; Olive, Lang, & Davis, 2008; Thompson, Fisher, Piazza, & Kuhn, 1998), and academics (Schlosser & Blischak,
2004; Schlosser, Blischak, Belﬁore, Bartley, & Barnett, 1998; Schlosser et al., 2007). Recently, meta-analyses have aggregated
results of numerous single-case studies, indicating that both PECS and SGDs have moderate to large effects on
communication skills in young children with ASD (e.g., Ganz, Davis et al., 2012; Ganz, Earles-Vollrath et al., 2012; Ganz et al.,
2011). Further, single-case studies have demonstrated that both SGDs (ASHA, 1997) and PECS (Frost & Bondy, 2002) have
been effective in improving communication skills in young children with ASD. Single-case researchers have investigated the
efﬁcacy of use of SGDs for improving language and communication skills of children with ASD, ﬁnding increased functional
communication as a result (Olive et al., 2007, 2008; Schepis, Reid, Behrmann, & Sutton, 1998; Schlosser et al., 2007).
PECS, one of the AAC systems most frequently implemented with individuals with ASD, is comprised of six phases (Frost &
Bondy, 2002). In Phase I, the child makes a request using a picture exchange (i.e., the child gives a picture depicting a
preferred item to a communicative partner, then the child is given the item). A person who plays a role as a prompter sits
behind of the child and prompts him or her to exchange the picture when the child attempts to get, or reaches for, the item. In
Phase II, the same procedures are applied and the distance between the child and the communicative partner and between
the child and his or her communication book is increased. The communicative partner moves further away from the child
and the prompter prompts the child to exchange a picture, moving across the space to access the communicative partner.
Beginning in Phase III, there is no prompter, and the child is taught to discriminate between multiple symbols on a
communication book. Phase IV involves teaching the child to use a sentence structure using an ‘‘I want’’ picture. In Phase V,
the child is taught to answer questions, such as ‘‘What do you want?’’ Finally, in Phase VI, the child is taught how to answer
other questions, such as ‘‘What do you like?’’
PECS has been widely researched via single-case research and meta-analysis of single-case research. PECS has been
shown, via single-case studies, to be effective in increasing functional communication skills (Anderson, Moore, & Bourne,
2007; Chaabane, Alber-Morgan, & DeBar, 2009; Nunes & Hanline, 2007), increasing speech in some individuals (Olive et al.,
2008; Ostryn & Wolfe, 2011), improving social skills (Charlop-Christy et al., 2002), and decreasing challenging behaviors
(Chaabane et al., 2009; Charlop-Christy et al., 2002) in individuals with ASD. Recently, meta-analyses including several types
of AAC systems have found that PECS had moderate to strong effects on targeted outcomes (i.e., communication via AAC),
moderate effects on challenging behavior and social skills, weak to questionable effects on speech in individuals with ASD
(Ganz, Davis et al., 2012), PECS and SGDs had greater impact on communication skills than other types of AAC systems, SGDs
were more effective in treating challenging behavior than PECS (Ganz, Rispoli, Mason, & Hong, in press). However, little of the
research on PECS or on SGDs included multiple AAC systems within a single study to easily permit comparisons.
Although there is evidence that aided AAC is effective for individuals with ASD, there are questions remaining regarding
the relative effectiveness of different AAC systems and the relationship of participant preference to effectiveness. A small
number of studies have compared acquisition of different AAC systems (Adkins & Axelrod, 2001; Gregory, DeLeon, &
Richman, 2009; Tincani, 2004) and preferences of individuals with ASD for different AAC systems (Cannella-Malone, DeBar,
& Sigafoos, 2009; Son, Sigafoos, O’Reilly, & Lancioni, 2006; van der Meer et al., 2012; van der Meer, Sigafoos, O’Reilly, &
Lancioni, 2011). Preference regarding AAC system appears to vary by individual (van der Meer et al., 2011, 2012). For
example, van der Meer et al. (2012) found that two of four participants did not consistently choose one AAC system over the
others until they had met mastery criteria with each mode. The other two participants, on the other hand, showed a
preference for one mode before they had received instructions on the AAC systems. Thus, questions remain regarding the
relationship of preference for AAC systems following mastery of each phase.
Currently, handheld devices, including tablet computers, smart phones, and personal digital assistants, are becoming
more ubiquitous in U.S. society, and researchers are beginning to investigate their effects as AAC systems for individuals with
ASD on improving their academic, social, and communication skills (e.g., Gal et al., 2009; Madsen, Kaliouby, Goodwin, &
Picard, 2008; Tentori & Hayes, 2010). Although studies involving the use of handheld devices have demonstrated
improvements in targeted outcomes of individuals with ASD (Kagohara et al., 2012, 2013), the role of the participants’
preference on AAC systems, particularly including handheld devices, has only begun to be investigated. However,
preliminary data demonstrates that the reinforcing value of the use of handheld devices may result in improvements in
performance of target skills (Neely, Rispoli, Camargo, Davis, & Boles, 2013). With these remaining questions, in this current
study, the relationship of preference of individuals with ASD for AAC systems following mastery of use of those systems was
investigated.
The purposes of this study were to investigate the efﬁcacy of a tablet computer application for teaching students with
autism to discriminate between pictures of preferred items and to determine if, once PECS Phase III was mastered with both
the app and via a typical PECS communication book, the participants would demonstrate a preference of one AAC system
over the other. The research questions included: (a) would there be a functional relation between instruction with a PECS
Phase III app and correct discrimination between digital pictures when making requests for preferred items and (b) would
the participants demonstrate a strong preference for one modality over the other?
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Participants
The study included three participants with autism spectrum disorders (ASD) and complex communication needs (CCN).
The children were between 3 and 4-years-old and diagnosed with ASD independently from this study. All three participants
met the following criteria: (a) a diagnosis of autism spectrum disorder; (b) between the ages of 3 and 5 years; (c) complex
communication needs (i.e., unable to communicate spontaneously at a level near that of their typically developing peers
using speech); and (d) prior experience with PECS and mastery of PECS Phase IIIB or IV. Table 1 presents each participant’s
scores for the Autism Spectrum Rating Scale (ASRS) and the results for the DSM-IV-TR Scale of the ASRS (APA, 2000; Goldstein
& Naglieri, 2009). All of the participants attended an intensive autism clinic for preschool-aged children with ASD four days a
week for two and half hours a day. This project took place during the eight-week summer clinic session, though the clinic and
the rehabilitation center in which it was housed operated year-round. Each participant also received speech and
occupational therapies for thirty minutes twice a week. Participants’ characteristics including level of PECS Phase, language
and speech level, and behaviors are depicted in Table 1.
Damian was a 3 year-old boy diagnosed with pervasive developmental disorder-not otherwise speciﬁed (PDD-NOS). He
had received intensive autism services and speech/occupational therapies for one and half years at the site in which this
study was conducted. His parents spoke to him primarily in Spanish in their home and the majority of his behavior and
speech therapy instruction was provided in Spanish. Damian inconsistently made eye contact when his name was called.
Damian demonstrated some challenging behaviors, primarily when presented with non-preferred tasks or when his
preferred items were removed.
Jason was a 3-year-old boy diagnosed with autism. He had received intensive behavioral services at the same site as
Damian for one and half years. Jason made eye contact if the person who called his name was holding his preferred item (e.g.,
tablet computer). He presented some challenging behaviors, and the behaviors most frequently occurred when his preferred
item was removed.
Javier was a 4-year-old boy diagnosed with autism. Javier had received intensive behavioral services at the same site for
about a month. He rarely made ﬂeeting eye contact with others. Further, he showed limited interest in objects or foods and
low levels of motivation to work to obtain preferred items. Javier’s therapist noted that he already had have skills to use PECS
Phase IIIB before she gave him an instruction in PECS Phase IIIB. He demonstrated some challenging behaviors when Javier
was given task-related demands.
Settings
Project activities took place in the autism clinic in a one-to-one private therapy room. On the table, there were only
preferred materials, which were identiﬁed through preference assessment, and the PECS communication book and/or iPad.
Adults in the room included a primary implementer, one participant, and a second observer.Table 1
DSM-IV-TR scale of the ASRS and participant characteristics.
Participant
(age)/diagnosis
DSM-IV-TR scale of the ASRS Participant characteristics
Scale or subscale in
ASRS
Score Level PECS Phase
level
Language/speech level Behavior(s)
Damian
(3)/PDD-NOS
ASRS total 78 Very elevated Phase IIIB One- to two-syllable sounds
(i.e., ‘‘no’’), limited Spanish
word approximations
Self-stimulus behaviors
(i.e., biting his lower lip
with upper teeth),
screaming, self-injurious
behaviors (i.e., hitting himself)
Social/communication 85 Very elevated
Unusual behaviors 66 Elevated
Self-regulation 65 Elevated
DSM-IV-TR 82 Very elevated
Jason (3)/autism ASRS total 83 Very elevated Phase IIIB No functional speech
Some vocalizations (e.g.,
‘‘mmmm’’) with no
symbolic meaning,
inconsistent use of sings
(i.e., ‘‘please,’’ ‘‘more,’’ ‘‘
help’’)
Throwing objects,
aggressive behaviors
toward others, shrieking
Social/communication 80 Very elevated
Unusual behaviors 76 Very elevated
Self-regulation 81 Very elevated
DSM-IV-TR 83 Very elevated
Javier (4)/autism ASRS total 72 Very elevated Phase IV Limited one-syllable word
approximations (e.g., ‘‘ba’’
for bubbles, ‘‘pa’’ for planes)
Crying, putting his
head down on the tableSocial/communication 77 Very elevated
Unusual behaviors 61 Slightly elevated
Self-regulation 60 Slightly elevated
DSM-IV-TR 70 Very elevated
Note: ASRS = Autism Spectrum Rating Scale (Goldstein & Naglieri, 2009); DSM-TR-IV = diagnostic and statistical manual of mental disorders. 4th ed., tex
revision (APA, 2000); PDD-NOS = Pervasive Developmental Disabilities.t
J.B. Ganz et al. / Research in Autism Spectrum Disorders 7 (2013) 973–983976Materials
Each participant’s seven to eight highly preferred items were selected for this study. These items were included based on
results of each participant’s preference assessment, which is described below. The selected items were represented as color
line drawings (e.g., 2  2 in. images) on both a PECS communication book and on an iPad using the PECS Phase III app for
iPad1. The PECS communication book was 4  5 in. with four Velcro strips on the book, and four pictures of items were
presented on the front of the book. An Apple iPadTMwas utilized. On the screen, the same pictures that were presented on the
book appeared. The pictures on the communication book and on the app were identical. Both formats of pictures and icons
included the name of each item above the image. The icon on the iPad produced recorded speech. For example, when the icon
was touched, the iPad produced a name of the item: ‘‘hand toy.’’
Design
A multiple baseline across three participants with a concurrent baseline control for each intervention point was
implemented to evaluate the impact of the intervention on the target behaviors (Kratochwill & Stoiber, 2002). Each level
included two phase changes. In this design, data between baseline and intervention phases were compared, and the
intervention was introduced in a staggered manner across the three participants.
Measures
Proximal measures
Each participant’s independent use of PECS and use of the iPad app were measured during each trial. The researcher
presented participant’s preferred items identiﬁed through preference assessment. Each participant was given an
opportunity to select an item using either the PECS communication book or app. An opportunity to select an item did not
count as a trial if the child showed no interest in the item in view (e.g., did not reach for the item or attempt to make a request
with the app or communication book) or made an attempt to use the tablet computer in a way other than to select an picture
(e.g., wiping a hand over a large portion of the screen instead of making a discrete selection, attempting to exit the app). Four
trials/opportunities were given to each participant per session. Correct, or ‘‘+,’’ was scored if the participant correctly and
independently exchanged a picture that corresponded with the item selected during the PECS communication book sessions
or if the participant correctly and independently touched a picture on the app and took the item that corresponded with the
item during the app-based PECS sessions. Incorrect, or ‘‘,’’ was marked if the participant exchanged a picture then reached
for an item that did not match, touched a picture on the app then selected an item that did not match that picture, or required
any prompts. Trial by trial data were collected for each session. For the purposes of this study, and due to time constraints
during the short summer program, mastery criteria were set at 3 out of 4 trials for correct use of PECS during baseline and 3
out of 4 for correct use of the app during the app instruction phase. Data sessions were conducted approximately 4 times per
week per participant.
Procedures
Preference assessment
A multiple stimulus without replacement preference assessment (Windsor, Piche, & Locke, 1994) was used to indicate
each participants preferred items. This was conducted by laying out an array of eight stimuli (toys and food) and asking the
participant to ‘‘pick one.’’ After the participant chose their preferred stimulus, he was allowed to engage with the item for
about 30 s while the order of the remaining stimuli was rearranged. The item selected was then removed and the participant
was asked to select an item from the remaining stimuli. This was repeated until all items were chosen or the participant did
not choose an item after three prompts to select an item were given. Damian’s preferred items included a pin toy, play dough,
two story books, a toy train, cash and cash register play set, a dry erase board, and bubbles. For Jason toy breadsticks, ﬁsh-
shaped crackers, a hand-held toy, a toy airplane, animal puzzles, a yellow taxi, a picture book, and bubbles were selected.
Javier’s preferred items included race cars, a toy Ferris wheel, a toy train, two toy helicopters, a toy airplane, and a toy tractor.
Baseline phase
A minimum of three baseline data points were collected on the participant’s performance of target skills and continued
until the participant demonstrated mastery of PECS Phase III (Damian and Jason) or IV (Javier) with the PECS communication
book (Frost & Bondy, 2002) and the data were stable for both independent use of the PECS communication book and
independent use of the PECS app. Since PECS Phase III was the only phase that had been published by the app developer, PECS
Phase III was pre-identiﬁed as the terminal phase in this study. The child and the implementer sat at a table or on the ﬂoor
face-to-face with both the PECS communication book and the iPad between them. The selected preferred items of each child
were located beside the implementer. Both the PECS book and iPad were presented with four pictures of preferred items. The
iPad was turned on but the sound was muted so that the presentation of the PECS book and the iPad would be as similar as
possible. Because Javier had mastered PECS Phase IV, his app and communication book included an ‘‘I want’’ picture also. The
implementer provided the child with an item when the child had initiated an exchange either by independently using the
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(Frost & Bondy, 2002) throughout the study for Damian and Jason and for PECS Phase IV for Javier; however, no prompts or
error correction procedures for PECS were implemented during the baseline sessions. Correspondence checks were
conducted once the participant initiated a picture exchange.
PECS app instruction phase
During the app instruction phase, the PECS book was removed, and the implementer taught the participant how to use the
PECS app. Only an iPad and the selected items for each participant were presented on the table. PECS Phases IIIB (Damian and
Jason) and IV (Javier) procedures were implemented following the steps given in the PECS manual (Frost & Bondy, 2002),
except that the child was taught to press the picture on the app instead of handing a picture to the implementer. The iPad
sound was on throughout the sessions. The implementer provided an opportunity to the participant to touch each picture on
the iPad and to match each picture to each item. Error correction procedures were conducted to prevent the participant from
taking non-corresponding items. A second error correction procedure was conducted if necessary (if the participant made a
second error in selecting pictures or corresponding pictures with items selected). The error correction procedure followed
the PECS protocol (Frost & Bondy, 2002), and involved the implementer blocking the incorrect selection, demonstrating the
correct picture selection, prompting the participant to touch the app picture that corresponded with the item selected,
turning the iPad over, then presenting a new trial/opportunity to make a request. Since the app utilized in this study was
originally developed for PECS Phase IIIB, different instructions from the PECS Phase IV protocols were given to Javier. Javier
was instructed to touch two pictures; the ‘‘I want’’ picture ﬁrst, then a picture of item in sequence. Least-to-most physical
and verbal prompts were implemented to help the child use the device correctly. Four opportunities were given to each
participant per session, and six sessions were conducted during the app instruction phase. This phase continued until the
child demonstrated two out of four trials of independent use for at least three consecutive sessions. The implementer
redirected and ignored any inappropriate behaviors (e.g. touching iPad without intention to exchange a picture).
Post-intervention choice phase
Procedures were identical to the baseline phase, except the sound remained on for the iPad. On the table, the two
communication systems were placed between the implementer and the participant. The participant’s preferred items were
also presented. The implementer did not provide any direction to promote the participant’s selection, and the participant
was given a choice to select one of the modes to exchange an item. A minimum of six data points were collected in this phase
for each participant. The number of times the participant selected each system, regardless of the correctness of the use of the
system, was also calculated by adding trials in which the participant demonstrated correct and incorrect use out of the four
communication opportunities/trials within each session. This phase continued until the child demonstrated three out of four
trials of selection of one of the communication systems for at least 3 data points.
Analysis
We used both visual and statistical analyses to analyze the data. Changes in trend, level, and variability were visually
analyzed to establish a functional relation between the intervention and dependent variables (Horner et al., 2005). We
conducted the statistical analysis employing Tau-U (Parker, Vannest, Davis, & Sauber, 2011). Tau-U was deﬁned (Parker &
Vannest, 2012) as a visually governed ‘‘bottom up’’ nonparametric effect size. A ‘‘bottom up’’ analysis begins with visual
examination of data and it includes several advantages: (a) it is applicable to use even though when the design has few data
points and phases; (b) it customizes analyses regarding to its design and data; (c) it conforms to a visual analysis; and (d) it
enables to calculation of effect sizes. Key contrasts (usually A vs B) are then identiﬁed, and their individual effects are
calculated by Tau-U. Tau-U can be applicable to data from any scale and any data distribution, and possesses precision-
power 91–95% that of regression (Parker & Vannest, 2012). Also, it allows confounding trends to be controlled for in the
baseline phase. Tau-U effect sizes (ES) and their standard errors (SE) are saved from each phase contrast, and then averaged
together, using the algorithm used in meta-analyses (Hedges & Olkin, 1985) and multi-tier medical research (Abramson,
2012).
Inter-rater agreement
Throughout the baseline, PECS app instruction phase, and post intervention sessions, 100% of the sessions were observed
by two raters. We calculated PABAK agreement from the universal chance-correction Kappa formula: (Obs  Chance)/
(1  Chance) (Brennan & Prediger, 1981), based on chance responding of 25% of the total sample. IOA on baseline, PECS app
instruction phase, and post intervention sessions data was 1.00 for all of three participants. IOA on treatment integrity was
1.00 for all three participants, which indicated that the procedures were implemented with good precision.
Fidelity of implementation
During baseline and post-instruction phases, the error correction procedures were not provided. Data for ﬁdelity of
adherence to baseline procedures were collected during 75% of all baseline sessions and data for intervention ﬁdelity were
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scored each step as correctly or incorrectly implemented on the treatment ﬁdelity data sheet. During baseline sessions, the
mean percentage of treatment ﬁdelity was 100% for Damian and Javier, and was 99.8% (range = 75–100%) for Jason. During
post-instruction sessions, the mean percentages of treatment ﬁdelity were 100% for all participants.
Fidelity of treatment implementation for app instruction was assessed via a checklist of steps using a modiﬁed PECS Phase
IIIB and IV treatment ﬁdelity form (Frost & Bondy, 2002) including (a) position (face-to-face), (b) presenting no other
materials other than 4 selected items and iPad on with sound on, (c) providing an opportunity to the child to touch each
picture on iPad and to match each picture to each item, (d) redirecting or ignoring any inappropriate behaviors (e.g., touching
iPad without intention to exchange a picture), (e) conducting the correspondence check, (f) not insisting on speech from the
participant to receive the item, and (g) implementing a least-to-most prompt when the participant did not use the iPad
correctly. During instruction sessions, the mean percentage of treatment ﬁdelity was 98% (range = 89–100%), 95.24%
(range = 88.9–100%), and 98% (range = 87.5–100%) for Damian, Jason, and Javier respectively.
Results
Independent, Correct Use of App and PECS
Although participants demonstrated the ability to make independent requests using PECS, all three participants
displayed zero levels of Independent, Correct Use of the App prior to app instruction (see Fig. 1). Following app instruction,
participants independently and correctly used the app thereby establishing a functional relation between app instruction
and the post-instruction choice phase. Fig. 2 presents a forest plot containing Tau-U calculations and 90% conﬁdence
intervals demonstrating improvement between baseline and the post-instructional choice phase for Independent, Correct Use
of App and Independent, Correct Use of PECS for Damian and Jason. Javier’s data are not included due to lack of statistical
signiﬁcance (p value > .05).Fig. 1. Results: Frequency of correct and independent use of tablet computer application and PECS. Note: During app instruction, no PECS book was available;
thus, there are no data provided for PECS during app instruction.
0.00 0. 25 0. 50 0. 75 1. 00
Damian
Independe nt, Correct 
Use App
Independe nt, Correct 
Use PECS
Jason
Independe nt, Correct 
Use App 
Independe nt, Correct 
Use PECS
Fig. 2. Forest plot: Tau-U effect size calculations with 90% conﬁdence intervals for correct and independent use of tablet computer application and PECS.
Note: Due to a lack of statistical signiﬁcance, Javier’s data are not included.
J.B. Ganz et al. / Research in Autism Spectrum Disorders 7 (2013) 973–983 979Damian
Damian increased Independent, Correct Use of App from 0 uses in baseline to an average 2–3 uses (M = 2.50; range = 0–4)
during the post-instruction choice phase. Post-instruction choice phase data were variable (range = 0–4) before stabilizing at
3–4 uses. The Tau-U effect size for Damian’s Independent, Correct Use of App was .90 CI90 [.44, 1.00] demonstrating a strong,
statistically signiﬁcant (p = .00) effect (Ferguson, 2009; Vannest, Parker, & Gonen, 2011). Damian independently and
correctly utilized PECS to communicate an average of 2–3 times (M = 2.88; range = 0–4) during baseline. Baseline data had an
increasing trend until stabilizing at 3–4 correct uses. Use of PECS decreased to near zero levels (M = .30; range = 0–1) during
the post-intervention choice phase which resulted in a Tau-U effect size that reﬂects a very strong, statistically signiﬁcant
(p = .00) decrease in Damian’s Independent, Correct Use of PECS. The Tau-U effect size was 1.00 CI90 [.56, 1.00].
Jason
Jason also increased Independent, Correct Use of App. Although his data were somewhat variable (range = 1–4), there was
an immediate jump in level from 0 uses in baseline to an average 3–4 (M = 3.10) uses during the post-instruction choice
phase. The Tau-U effect size for Jason’s Independent, Correct Use of App was 1.00 CI90 [.35, 1.00] demonstrating a very strong,
statistically signiﬁcant (p = .01) effect. Jason independently and correctly used PECS in every baseline session trial. Use of
PECS dropped from 4 uses during baseline to an average 0 to 1 use (M = .70) during post-instruction choice. Data were
somewhat variable (range = 0–3) but reached zero levels during the last ﬁve sessions. Tau-U for Jason’s Independent, Correct
Use of PECS was 1.00 CI90 [.35, 1.00] demonstrating a very strong, statistically signiﬁcant (p = .01) decrease in his use of PECS
from baseline to the post-instructional choice phase.
Javier
Javier minimally increased Independent, Correct Use of App from 0 uses in baseline to an average 1 independent, correct
use during post-instruction choice. In session 7 Javier increased Independent, Correct Use of App from 0 to 3 uses. This jump
in level was followed by a decreasing trend back to baseline levels (range = 0–3). Tau-U for Javier’s Independent, Correct Use
of App was .50 CI90 [.00, 1.00]; results are not statistically signiﬁcant (p = .20). Independent, Correct Use of PECS dropped from
3 to 4 (M = 3.75, range = 3–4) during baseline to 2–3 (M = 2.83, range = 1–4) during post-instruction choice. Tau-U for Javier’s
Independent, Correct Use of PECS was .54 (90% CI [.00, 1.00]); results are not statistically signiﬁcant (p = .17).
Selection of app and PECS
Frequency of Selection of App and Frequency of Selection of PECS: data were collected for each participant in baseline and
post-instruction choice phases (see Fig. 3). During app instruction, the PECS book was not available; therefore, data regarding
selection of PECS versus app are not provided for this phase. Fig. 4 displays the cumulative number of times participants
either chose app or PECS during post-instruction choice. After being taught how to utilize the app, Damian and Jason
demonstrated preference for the app by choosing it more frequently than PECS while Javier continuously chose PECS more
than the app.
In baseline, Damian selected the app and PECS two times each during the ﬁrst three sessions. Damian selected the app 1 or
2 times and PECS 3 or 4 times during all remaining baseline sessions. Overall selections reversed from selecting PECS
(M = 3.13, range = 2–4) more often than the app (M = .88, range = 0–2) during baseline, to selecting the app (M = 3.40,
range = 1–4) more often than PECS (M = .60, range = 0–3) during post-instruction choice. Jason selected PECS in every trial
during baseline. Jason’s Frequency of Selection of App versus Frequency of Selection of PECS during post-instruction choice was
Fig. 3. Results: Frequency of selection (correct plus incorrect) of PECS communication book versus app. Note: During app instruction, no PECS book was
available; thus, there was not a choice offered during app instruction.
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Jason’s overall selections reversed from selecting PECS (M = 4) more often than the app (M = 0) during baseline, to selecting
the app (M = 3.20, range = 1–4) more often than PECS (M = 0.80, range = 0–3) during post-instruction choice. Javier selected
PECS (M = 3.75, range = 3–4) in all but one trial (i.e., app selected once; M = .25, range = 0–1) during baseline. Javier’s
Frequency of Selection of App and Frequency of Selection of PECS data were highly variable (range = 0–3 and 1–4 for app and
PECS respectively) in the post-instruction choice phase. Unlike Damian and Jason, Javier continued to select PECS (M = 2.67)
more often than app (M = 1.17) during post-instruction choice.
Discussion
The ﬁrst research question investigated the efﬁcacy of implementation of the PECS Phase III tablet computer application
with three children with autism spectrum disorders. As illustrated in Fig. 1, there was a clear functional relation established
between the app and the participants’ frequency of correct, independent discriminations to make requests. None of the
participants made correct discriminations prior to intervention; however, all three demonstrated improvement during and
following instruction. Damian and Jason had little to no overlap between baseline and instruction. While Javier was slower to
make progress, this may have been due to his recent progression into Phase IV of PECS (Frost & Bondy, 2002), which involved
a more complex combination of pictures to make requests than the two other participants, who remained in Phase III.
The second research question investigated whether or not the participants would demonstrate a clear preference for one
AAC system versus the other. There was not a consistent preference demonstrated. While Damian and Jason clearly chose to
use the tablet computer application when presented with both options, which was what the researchers hypothesized, Javier
more frequently chose to use the traditional PECS communication book. It may be that this was also due to his recent
progress into Phase IV and his history of reinforcement using the PECS communication book. It may have been that, since he
had already mastered the use of Phase IV with the book, learning to use the app was less efﬁcient. Further, due to the summer
clinic program coming to a close, he had only demonstrated a limited number of independent, correct discriminations using
Fig. 4. Cumulative number of times app versus PECS communication book chosen during the post-instruction choice phase.
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more time in the app instruction phase. Finally, another explanation for why Damian and Jason may have shown more
preference for the app is that their therapists frequently used the tablet computers to deliver reinforcement via preferred
videos. Thus, the tablet computer had previously been frequently paired with reinforcement and may have become
inherently reinforcing to those two participants. Javier’s therapist did not present the tablet computer as frequently prior to
the study.
This study conﬁrms and extends previous research. As demonstrated by Tincani (2004) in a comparison of PECS and
manual sign language and by van der Meer et al. (2012) using picture exchange, manual sign, and an SGD, participants did
not have a single pattern of responding more favorably to one AAC system versus the other, perhaps related to preference for
one over the other. Unlike the previous investigations; however, this one extended this work to two nearly identical looking
AAC systems. Further, the current study lends further support to the evidence in favor of PECS and SGDs for use with
individuals with ASD (Ganz, Davis et al., 2012; Ganz, Earles-Vollrath et al., 2012; Ganz et al., 2011; Kagohara et al., 2012;
Neely et al., 2013), as well as in favor of the use of handheld technologies (Kagohara et al., 2013) with this populations in
general.
This study suggests several practical implications. In real-world contexts, families and service providers must weigh costs
and beneﬁts. That is, while an individual with CCN may prefer a higher tech device that produces speech output requiring use
of electricity (e.g., speech generating devices), if that device is far more expensive than the low tech alternative that does not
utilize electricity (e.g., communication boards, pictures), and no more effective, it may make more sense to use the lower tech
device. Alternatively, if an individual with CCN has a strong preference for a high tech device, he or she may be more likely to
use it frequently and to generalize its use across settings and contexts. Further, the sound produced by the iPad may have a
reinforcing value to some of the participants; thus, resulting in a preference based on the auditory aspects of the AAC device
rather than other factors, such as ease of use. Regardless, a strong preference for a particular device, regardless of features,
may result in maintenance of use. During this study, we hypothesized that, similarly to possible mechanisms present with
video modeling, the AAC app, by nature, would provide a consistent verbal model, unlike adult communicative partners who
may sometimes model the word and may sometimes forget to provide a model. This points to the need for future research on
the potential for SGDs, including via tablet apps, to promote expressive and receptive language.
There are a number of drawbacks to lower tech devices that may not be the case for tablet computers. For example,
pictures on laminated cards may be easily lost and require time to take photos or select pictures, print, laminate, and attach
Velcro1. Tablet computer apps may allow the user to simply take a photo of an item for immediate use. Further,
communication books look unusual and make communication deﬁcits easily noticed in public while tablet computers are
becoming ubiquitous and are frequently used in public by individuals with and without disabilities. Tablet computers may
be used for numerous purposes, beyond AAC, that may be beneﬁcial for individuals with CCN (e.g., computer aided
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some drawbacks, beyond cost. These include potentially short battery life and the potential for them to crash, either scenario
which would leave an individual with CCN with no effective means to communicate. Thus, having a backup low tech device is
wise.
There were a few limitations to this study. One, it was implemented during a summer clinic session; thus, no maintenance
or generalization data were collected and the study was truncated in that some phases were shorter than might have been
ideal. Two, the participants’ extensive prior use of PECS communication books (Javier) and the tablet computer (Damian and
Jason) may have confounded the results. Three, the study was implemented under analog research conditions and may not
reﬂect results that would have been demonstrated in more typical conditions. Four, it should be noted that the designers of
the PECS Phase III app do not intend for it to be used as an AAC system; rather, it they designed it to assist in discrimination
instruction for students who do not master that easily within typical PECS procedures (www.pecs.com). Thus, this study
involved the implementation of the app in a manner in which it was not strictly intended.
The study limitations and study results provide directions for future research. First, this study should be replicated and
maintenance and generalization should be studied. Second, similar questions should be investigated under more natural
contexts, such as during play activities. Third, this study should be replicated with participants who have less experience
with PECS, or at least have not yet been introduced to Phase III. Fourth, this work should be extended to older participants
and those with comorbid intellectual disabilities. Fifth, research should investigate preferences between other types of
computer-based AAC apps and lower tech AAC systems.
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